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 6 
Abstract 7 
Biodiesel is an alternate renewable, biodegradable, non-toxic fuel similar to conventional 8 
fossil fuel. It is usually produced from vegetable oil, animal fat, tallow, non-edible plant oil 9 
and waste cooking oil. Residue oil components and by-products from the production process 10 
or contamination during handling and storage could affect the quality of the biodiesel. The 11 
molecular compositions of biodiesel samples have been investigated by a combination of 12 
NMR spectroscopic methods. The use of NMR spectroscopy is a novel method to biodiesel 13 
characterisation is implemented to fully characterise and assign the molecular structure of 14 
biodiesel samples and to identify and quantify the moieties the molecules, particularly the 15 
unsaturated long-chain alkyl esters. The NMR spectroscopic method was also implemented to 16 
evaluate the transesterification process; the amount of trans-esterified biodiesel in the 17 
samples and amounts of un-reacted different types of glycerides. Furthermore, the NMR 18 
spectroscopic method is developed to quantify methanol in biodiesel and proposed here as 19 
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1. Introduction 28 
Biodiesel is a vegetable oil or animal fat-based diesel fuel consisting of long-chain alkyl 29 
esters, it is typically formed by the chemical reaction of lipids with alcohol that produce fatty 30 
acid esters [1, 2] Biodiesel is renewable, sustainable, biodegradable, non-toxic and clean 31 
energy with a good flashpoint, better viscosity and calorific value similar to fossil fuels [3]. It 32 
can be used directly in engine in the pure form or as blend with diesel in various proportions 33 
to provide alternative solution of fuel in compression ignition engines [4]. The alkyl esters of 34 
vegetable oils are produced by a widespread possess known as transesterification; it involves 35 
the catalysed reaction of triglycerides (major compounds of oils and fats) and short-chain 36 
alcohols such as methanol and ethanol [5]. Most transesterification industrial processes 37 
employ alkaline catalysis (potassium or sodium hydroxide) and methanol [6, 7]. The 38 
transesterification reaction mixture is also composed of glycerol, excess alcohol, catalyst, 39 
unreacted triglycerides and some partially reacted oils (mono and di-glycerides) of fatty acids 40 
[6], as well as some free fatty acids [8]. These by-products and other contaminants of 41 
biodiesel can lead to severe operational and environmental issues [9]. Therefore, standards 42 
that limit the amount of by-products in biodiesel fuel are implemented [9, 10]. The 43 
contaminants from the transesterification reaction are normally monitored during the 44 
biodiesel production to recognize and correct problems at an early stage [11]. The free 45 
glycerine, catalysts, alcohol, and free fatty acids in the alkyl esters are normally remove at the 46 
end of the transesterification process [12]. Other factors such as composition of feedstock can 47 
influence biodiesel fuel quality; biodiesel composition is dependent on the source used to 48 
produce it [13]. The fatty acids chain length, degree of unsaturation and the presence of other 49 
chemical functions have an effect on biodiesel properties, which may influence its storage 50 
and oxidation [6, 11, 14].  51 
The analytical methodologies used to evaluate biodiesel are normally based on gas 52 
chromatography (GC) [15, 16], high-performance liquid chromatography (HPLC) [17-19] 53 
and some spectroscopic analytical methodologies or procedures based on physical properties 54 
[10, 20, 21]. In fact, GC has been the most used technique due to its high accuracy for the 55 
quantification of minor components. However, baseline drift, overlapping signals, standards 56 
are needed and samples can destructively affect the GC accuracy. Moreover, GC analyses 57 
frequently require sample derivatisation, mainly to afford trimethylsilyl derivatives of the 58 
hydroxyl groups. Flame ionization detection (FID) is the most widespread detector used in 59 
GC, but the utilisation of mass spectrometer has increased. The latter eliminates ambiguities 60 
about the identification of the eluting materials, but their quantification could be affected. 61 
Another drawback of the GC analysis is some components of the biodiesel aren't volatile 62 
enough to be evaporated and quantified by the GC analysis [6, 10].  63 
HPLC analysis is less employed in biodiesel characterisation; the sample derivatisation is not 64 
needed. Moreover, this technique can be applied to biodiesel from different feedstock and a 65 
variety of detector can be used, the most commonly used ones are UV/DAD and MS. The 66 
two methods, i.e. GC and HPLC are heavily dependent on the use of standards for every 67 
component of the biodiesel, hence, chemical changes and the formation of new products 68 
during the storage of biodiesel would be difficult to identify by the use of those two methods. 69 
Nuclear magnetic resonance (NMR) spectroscopy and several spectroscopic techniques such 70 
as infrared spectroscopy (FTIR) are commonly employed for monitoring the 71 
transesterification reaction and for the determination of biodiesel blend levels [22-25]. NMR 72 
is an excellent powerful technique, currently underused in biodiesel analysis. I this work, 73 
NMR methods were employed to demonstrate the simplicity of using this powerful technique 74 
to develop methods to fully identify and quantify the components of biodiesel samples at 75 
different stages of their lifetimes, i.e. after transesterification, after purification and after 76 
storage or after thermal treatments which might facilitate the production of oxidation and 77 
polymerisation transformation products where an NMR methods can be implemented to 78 
identify and quantify any formed transformation products. 79 
 80 
2. Material and methods 81 
2.1 Transesterification 82 
The reaction of transesterification was carried out in a 500 mL three neck round bottom flask, 83 
provided with magnetic stirring, dropping funnel and condensation systems. Biodiesel was 84 
produced by transesterification of pure sunflower oil with methanol and catalysed by 85 
potassium hydroxide. The procedure followed is described next in the following steps:  86 
1- The reactor was preheated to 65 °C, to eliminate moisture, and then 350 g (~0.4 mole) 87 
of sunflower oil was added. When the reactor reached 65 °C again, 3.5g (1% weight 88 
of the oil) potassium hydroxide were dissolved in 100 ml (~ 2.4 mole) methanol, the 89 
potassium hydroxide/methanol solution were poured into dropping funnel and gently 90 
added dropwise to the stirring oil. The reaction mixture was refluxed for two hours 91 
with continues stirring thus the conversion to esters was practically complete.  92 
2- After allowing the reaction mixture cooling down to room temperature, the mixture 93 
poured into 1L separatory funnel and two formed phases were separated; the upper 94 
phase consisted of methyl esters, and the lower phase contained the glycerol, the 95 
excess methanol, the remaining catalyst together with the soaps formed during the 96 
reaction, and some entrained methyl esters and partial glycerides.  97 
3- The remaining catalyst was extracted by successive rinses with distilled water and 98 
separating the two layers by sedimentation overnight.  99 
4- The methyl esters were further purified by distilling the residual water and methanol 100 
at 80 °C under reduced pressure in rotary evaporator for one hour.  101 
5- After cooling to room temperature, the Biodiesel transferred into plastic bottle and 102 
stored closed in dark at room temperature. 103 
 104 
2.2 NMR Analysis 105 
Nuclear magnetic resonance spectra were recorded on a Bruker Avance-300 spectrometer at 106 




C) gradients probe. The NMR 107 
samples were prepared by dissolving 50 mg of the biodiesel samples in 0.7 ml deuterated 108 
chloroform (CDCl3) solvent which contained 0.05% TMS. The Biodiesel samples for the 109 
NMR analysis were taken at the following points: 110 
 The sample of pure biodiesel was taken at the end of step 5 of Section 2.1. 111 
 The sample containing some methanol was taken at the end of step 3 of Section 2.1. 112 
 The sample containing some glycerides was taken at the end of step 2 of Section 2.1. 113 
The 
1
H NMR spectra were recorded at 300 MHz using the zg30 pulse program with 32 scans 114 
and referenced to the TMS standard at 0.0 ppm.  PENDANT 
13
C NMR spectra were obtained 115 
at 75 MHz for carbon. The pendant pulse program was used with waltz16 decoupling during 116 
acquisition with 2048 scans and phased for CH3/CH positive and quaternary carbons and CH2 117 










chemical shifts through single-bond heteronuclear scalar coupling (
1
JCH) were also recorded. 120 




C HMBC spectra shows the chemical shifts of 
1
H on one axis 121 
(horizontal) which correlated to 
13
C (on the vertical axis) that belongs to H and C atoms 122 




C Heteronuclear Multiple Bond 123 




C chemical shifts through multiple-124 
bond heteronuclear scalar coupling (
n





C HMBC spectra shows the chemical shifts of 
1
H on one axis (horizontal) which 126 
correlated to
13
C (on the vertical axis) that belongs to H and C atoms which are separated by 127 
two or three chemical bonds.  128 
3. Results and discussion 129 
3.1 Characterisation of Biodiesel 130 
A 
1
H NMR spectrum of a biodiesel sample used in this work is shown in Figure 1 together 131 
with the structures of three methyl esters; mono and two di-unsaturated fatty groups 132 
(conjugated and non-conjugated), the main signals are labelled; signal (A) is for the 133 
hydrogens of unsaturated moieties ––CH=CH– from both isolated and non-conjugated 134 
double bonds and also for the two outer hydrogens (–CH=CH–CH=CH–) of the conjugated 135 
double bonds at 5.31 ppm, the signal (A’) is for the inter hydrogens (–CH=CH–CH=CH–) of 136 
the conjugated double bonds at about 6 ppm. The signal (C) is for the methylene –CH2– 137 
between two non-conjugated double bonds at 2.74 ppm, the signal (E) at 2.01 ppm is for the –138 
CH2– adjacent to the double bonds is an important signal to be used to probe the differences 139 
in the double bond molecules, the signal (D) at 2.27 ppm is for the –CH2– adjacent to the 140 
carbonyl group which is used as internal reference to relatively quantify the other groups in 141 
the biodiesel molecules, the signals (G) at 1.6 and 1.28 ppm are for the aliphatic –CH2–; their 142 
chemical shifts are unaffected by nether of  the ester group nor the double bonds. The end of 143 
chain aliphatic –CH3 (signal W) is at 0.86 ppm and the methyl ester –CH3 (signal B) is at 144 
3.63 ppm. The following table (Table 1) summarises the signals and their chemical shifts. 145 
 146 
Table 1: Biodiesel different molecule moieties and their 
1
H NMR chemical shifts are 147 
summarised. 148 
Signal moietie chemical shifts ppm  
A ––CH=CH– 
(–CH=CH–CH=CH–) 
5.31 ppm  
A’ (–CH=CH–CH=CH–) at about 6 ppm  
B methyl ester –CH3 3.63 ppm  

















































Figure 1: a typical 
1
H NMR spectrum of biodiesel with labelling/assignment of the major 151 
peaks  152 
D –CH2– adjacent to the carbonyl group 2.27 ppm  
E –CH2– adjacent to the double bonds 2.01 ppm  
G The aliphatic –CH2–s; 1.6 and 1.28 ppm  













C Pendant NMR spectrum of biodiesel with labelled signals is shown on Figure 2, The 154 
signal for the carbonyl carbon (–COO-) is at 174.0 ppm, the signals for the unsaturated (––155 
CH=CH–) carbons and the outer carbons of the nun-conjugated       (–CH=CH–CH2–156 
CH=CH–) are at 129.8 ppm and the inner carbons of the nun-conjugated (––CH=CH–CH2–157 
CH=CH–)  are at 127.9 ppm, the signal for the methyl ester carbon (-O–CH3) is a 51.2 ppm, 158 
the signals for the carbons of the aliphatic methylene (-CH2-s) are in the region of 34 to 27 159 
ppm, and the signal for the end chain methyl (–CH3) carbon is at 13.9 ppm. 160 
 161 
 162 
Figure 2: a typical 
13
C (PENDANT) NMR spectrum of biodiesel with labelling/assignment of 163 
the major peaks. 164 
 165 




C NMR spectral signals is confirmed by spectral analysis of 166 




C HSQC NMR spectrum of the 167 
Biodiesel, see Figure 3. The two-dimensional (2D) spectrum with one axis for hydrogen (
1
H) 168 
NMR and the other for carbon (
13
C) NMR, it contains a peak (contour plot) for each unique 169 
hydrogen attached with a single bond to the carbon being considered. The assignment of 170 
three example peaks are indicated with different doted colour lines on Figure 3; the signal (C) 171 
for the –CH2– between two non-conjugated double bond at 2.74 ppm is correlating to its 172 
carbon at 25.5 ppm, the signal (E) at 2.01 ppm for the –CH2– adjacent to the double bonds is 173 
correlating to its carbon at 27.0 ppm, and the signal (D) at 2.27 ppm for the –CH2– adjacent 174 
to the carbonyl group is correlating to its carbon at 33.9 ppm. Also the signal (A) for the 175 
unsaturated –CH=CH– from double bonds at 5.31 ppm is correlating to the two carbon peaks 176 
at about 127.9 and 129.8 ppm (not shown in the Figure). Other hydrogen signals are also 177 
correlating to their carbon signals as shown on Figure 3. 178 
 179 




C HSQC NMR spectrum of biodiesel with labelling/assignment of the 180 
major peaks. 181 
 182 
The assignment of the signals are further confirmed by another 2D NMR analysis, the use of 183 




C HMBC spectrum of the biodiesel sample 184 
is shown on Figure 4, the contour plots showing the correlation between the hydrogen peaks 185 
and the peaks of the carbons which are two or three bonds away from the hydrogen in 186 
question. As an example; the carbonyl carbon at 174ppm has correlations with its three 187 
neighbouring Hs (red dotted line); the methyl ester (peak B at 3.63 ppm), the methylene 188 
group adjacent to the carbonyl group (peak D at 2.72 ppm) and the second methylene group 189 
in the chain (peak F at 1.59 ppm). The double bond carbon at 129 ppm has correlations to the 190 
hydrogen on the other carbon double bond atom, to the hydrogens of the methylene group 191 
between the double bonds (peak C) and to the hydrogens of the adjacent to the double bonds 192 
(peak E) and also another weaker correlation to a second methylene from group E. 193 
 194 




C HMBC NMR spectrum of biodiesel with labelling/assignment of the 195 
major peaks. 196 
3.2 Quantification of Biodiesel 197 
The integrals of the 
1
H NMR signals are used to quantify the amount of the different 198 
molecular moieties (functional groups) of biodiesel samples, i.e. isolated, conjugated and 199 
non-conjugated double bonds, carbonyl groups, aliphatic methylene groups, end of chain 200 
methyl group and methyl ester group. The integral (peak area) of the signals quantifies the 201 
relative numbers of hydrogens in the targeted group, the integrals of the different groups are 202 
referenced to a stable group and hence the signal of a stable group is used as internal 203 
standard.   204 
The amounts of the carbonyl groups in the samples are quantified using the -CH2- methyl 205 
group adjacent to the carbonyl group which has a chemical shift of 2.27 ppm. This peak at 206 
2.27 ppm (D) is also used as an internal reference, it is integrated for 2 hydrogens per a 207 
biodiesel molecule, if this group does not exist, the molecule would not be a biodiesel one 208 
(without the carbonyl group, the molecule would be aliphatic hydrocarbon), therefore, it is 209 
used as internal reference. For simplicity, the quantitation is conducted in a 100 molecules, 210 
and hence, the integral for the peak at 2.27 ppm is set to 200 in Figure 1, as there are 200 211 
hydrogens of such a type in a 100 molecules of Biodiesel. Also working on 100 molecule 212 
bases allows the direct convention of the amounts of the different groups into percentages.  213 
3.3 Total double bonds 214 
The peak at 5.31 ppm (A) in Figure 1, is the signal for the –CH=CH- double bonds which is  215 
integrated for 2 hydrogens per each double bond group, the signal integral is used to quantify 216 
the amount of double bonds in a 100 molecules of Biodiesel molecules. In the given example 217 
in Figure 1, the integral of the peak at 5.31 ppm is 293.4, dividing that by the number of 218 
hydrogens in each double bond which is 2, gave a 146.7 as the total number of double bonds 219 
in a 100 molecules of Biodiesel.  220 
The peak at 2.0 ppm (E) in Figure 1, is for the –CH2- surrounding the double bonds which is 221 
also integrated for 2 hydrogens per each group; there are two of such a group in every 222 
molecule which have any type of double bond systems (isolated, conjugated or non-223 
conjugated double bonds), hence there are 4 hydrogens in each molecule. The integral for this 224 
signal is used quantify the number of the molecules which have any type of double bonds in 225 
the 100 Biodiesel molecules. In the given example in Figure 1, the area of the peak at 2.0 226 
ppm is 349.4 dividing that by the number of hydrogens [4], gave 87.4, which is the total 227 
number of molecules have double bonds in a 100 molecules of Biodiesel, i.e. 87.4% of the 228 
Biodiesel molecules contain a type of double bonds.  229 
The allylic hydrogens peak at 2.74 ppm (C) for the –CH2- between two double bonds which 230 
has 2 hydrogens per every non-conjugated group. The integral of this peak is used to quantify 231 
the amounts of non-conjugated molecules in the biodiesel. In the given example in Figure 1, 232 
the area of the peak at 2.74 ppm is 114.3 dividing that by the number of hydrogens in that 233 
group which is 2, gave 57.2. The 57.2 is the number of non-conjugated molecules in a 100 234 
molecules of Biodiesel, in other words, 57.2% of the fatty groups in this biodiesel are non-235 
conjugated which are normally referred to as C18:2 in the literature [26] and that is the 236 
expected value of C18:2 in sunflower oil which was used to produce the biodiesel samples 237 
analysed here [27]. Since every non-conjugated molecule has two double bonds, therefore, 238 
the number of the double bonds in the non-conjugated molecules is 114.3 bonds.  239 
The amount of the remaining double bonds which are within the peak at 5.31 ppm, they are 240 
either mono-unsaturated or the outer hydrogens of the conjugated double bond systems and 241 
they can be quantified from the difference between the above values. In the given example, 242 
the amount of the total double bonds is 146.7, form these there are 114.3 double bonds in 243 
57.2 non-conjugated molecules, the remaining are 32.4  double bonds (146.7 - 114.3 = 32.4 ), 244 
they are either in mono-unsaturated or conjugated double bond molecules.  245 
Subtracting the non-conjugated molecule (57.2 molecules) from the total number of 246 
molecules that have double bonds (87.4 molecules), that give a value of 30.2 which is the 247 
amount of the mono-unsaturated and conjugated molecules. 248 
The amounts of the conjugated molecules (x) and the mono-unsaturated molecules (y), there 249 
are 30.2 molecules in the two systems, hence,  250 
x + y =   30.2   - - - -  (eq 1) 251 
There are two double bond in every conjugated molecule and only one double bond in every 252 
mono-unsaturated molecule, both systems have a total of 32.4 double bonds, 253 
  2x + y =  32.4  - - - -  (eq 2) 254 
Solving the above two equations gave amount of the mono-unsaturated as 28 molecules and 255 
the amount of conjugated molecule as 2.2 molecules. If the remaining molecules are saturated 256 
ones, then there would 12.6 (100 - 87.4 molecules) of that type in the 100 molecules of 257 
Biodiesel 258 
The aliphatic methylene –CH2- group has peaks at 1.6 and 1.2 ppm, the peak at 1.6ppm is 259 
mainly for the hydrogens on the carbon number 3 in the aliphatic fatty chain. The other peak 260 
at ~ 1.2 ppm which is for the other  G of -CH2-s groups, they all have an integral value of 261 
1923, which indicate that there is that many hydrogens in such an environment in 100 262 
molecules of the biodiesel. In a C18:2 non conjugated molecule there are 8 -CH2-s of type G 263 
(as shown on structure drown Figure 1), it is calculated above, the amount of the non-264 
conjugated molecules in the used example are 57.2 molecules, therefore, they would have 8 265 
(number of CH2s x 56.4 (number of molecules) x 2 (number of hydrogens in a CH2) = 915 266 
hydrogens. Similarly there are 28 molecules of mono unsaturated, in each mono unsaturated 267 
molecule there is 11 methylene of type G, and they contain 11 x 28 x 2 = 616 hydrogens. In 268 
the C18:2 conjugated molecules there are 9 G groups in each and 2.2 molecules there are  ~ 269 
40 hydrogens 9 x 1.1 x 2 = 39.6.  It is known that the saturated fatty groups in sunflower oil 270 
are about 2:1 C16:C18 [27], hence in the 12.6 molecules of saturated C16:C18 fatty acids, 271 
there are 13 or 15 methylene of type G in each molecule; which mean there are (13 x 8.4 x 2) 272 
+ (15 x 3.8 x 2) = 332, also there is about 12 hydrogens in other low amounts of C14:0 and 273 
C20:0, 0.1 and 0.3%, respectively, therefore, the amounts of hydrogens in saturated 274 
molecules is 344. 275 
In total there are (915+616+40+332+12) = 1915 hydrogens for group G methylene types, 276 
which is very close to the 1921 integral of that peak. The number of counted hydrogen is 277 
slightly smaller than the integral value which could be explained as there are some low 278 
concentration molecules not accounted for here such as C12:0 and C18:3.  279 
The peak at 3.63 ppm is for the methyl ester -CH3, in a 100% trans-esterified sample, this 280 
peak should have an integral of 300, as there would 300 hydrogens in in such a type (type B) 281 
in 100 molecules of the biodiesel. In the analysed sample shown in Figure 1, the integral for 282 
the peak at 3.63 ppm in 296 which mean the amount of the methyl esterification in the sample 283 
is 98.7% (296/3).  284 
In summery there are 146.7 double bonds in a 100 molecules of biodiesel, that number of 285 
double bonds is in 87.4 molecule, from those molecules there 57.2 non-conjugated C18:2 286 
molecules, 2.2 conjugated C18:2 molecule and 28 mono-unsaturated C18:1 molecules. Also 287 
the amount of the trans-esterified molecules in the sample is 98.7%. The results and the 288 






Table 2: summery of the calculated components of the analysed biodiesel sample. 295 
Group Used method Double bonds 
No. 
Molecule amounts 
Total number double bonds Pear 5.31 ppm 146.7 bonds  
Number of molecules with 
double bonds 
Peak 2.0 ppm  87.4 molecule 
non-conjugated molecules Peak 2.74 ppm 114.3 bonds 57.2 molecule 
Mono & conjugated bonds 146.7 – 114.3 = 
32.4 
32.4 bonds  
Mono & conjugated 
molecules 
87.4 – 57.2 = 
30.2 
 30.2 molecule 
Mono-unsaturated  28 bonds 28 molecule 
conjugated  4.4 bonds 2.2 molecule 
saturated 100-87.4= 12.6  12.6 molecule 
Methyl esterified molecules Peak 3.63 ppm  98.7 molecule 
 296 
3.4 Quantification of Free methanol in Biodiesel 297 
The free methanol has its –CH3 peak at 3.45 ppm in the 
1
H NMR, the sample presented in 298 
Figure 5 contain some menthol, and this peak can be used to quantify the amount of free 299 
methanol in biodiesel sample. The integral of the signal divided the number of the hydrogens 300 
for that particular signal is equivalent to their molar percentage compared to biodiesel. In the 301 
sample presented in Figure 5 for every 100 molecules of Biodiesel there is 23 molecules of 302 
methanol; based on keeping the integral of the peak at 2.27 ppm at value of 200 for a 100 303 
biodiesel molecules, the methanol peak has integral value of 68.8, dividing that integral value 304 
by the number of hydrogens [3] in the methyl group. The 23 methanol molecules for every 305 
100 biodiesel molecules are equivalent to their molar ratios.  The molar ration can be 306 
converted to weight percentage of the methanol in the sample by multiplying each by its 307 
molecular weight which gives a weight ratio of 100x296 : 23x32 = 29600:736 or 40:1 which 308 






H NMR spectrum of a biodiesel sample contain some methanol, the methanol peak 313 
is at 3.45 ppm. 314 
 315 
3.5 Quantification of Glycerol, mono-, Di and tri-glyceride in Biodiesel  316 
In the 
1
H NMR spectrum shown in Figure 6, the glycerol moiety in triglycerides has two 317 
double of doublet peaks around 4.2 ppm (4.15 and 4.3 ppm, blue spectra). Also the main 318 
peaks for a glycerol moiety in the di-glycerides (1,3-dilinolein) is at about 4.15 ppm (red 319 
spectra). The glycerol peaks of di-glycerides are at a similar chemical shift to the right hand 320 
side part of the peak observed for the triglycerides. In the 1-monolinolein (mono-glycerides) 321 
sample, the peak of the glycerol number one -CH2- moieties is also appearing symmetrical at 322 
the 4.15 ppm chemical shift (green spectra). The other peaks are appearing at about 3.6 ppm 323 
in the 1-monolinolein sample associated with the –CH2- number three of glycerol moiety and 324 
the peak at 3.93 ppm is due to the -CH- number two of the mono-glyceride [28].    325 
As shown here, the three types of glycerides has peaks at 4.15 ppm, only triglyceride should 326 
have the other peak at 4.3ppm, hence this peak can be used to quantify the amount of tri-327 
glycerides in biodiesel.  328 
In the given example on Figure 6, the integral value of the peak at 4.15 ppm is 8.16, 329 
implementing similar methods as the above; in every 100 molecules of biodiesel there is 4.08 330 
(8.16/2 = 4.08) molecules of triglycerides in the analysed sample in the given example in 331 
Figure 6. As there are three fatty acids in every molecule of triglycerides, which is about 332 
12.24% oil in the analysed biodiesel sample. 333 
The deference in the integral value of the two peaks at 4.15 and 4.3 ppm and the peak at 334 
3.93ppm can be used to quantify the amount of mono- and di-glycerides in biodiesel, the 335 
remaining value of 2.3 (from 10.5-8.16) contains four hydrogens of  the di-glycerides and 336 
two hydrogens from mono-glyceride. The peak at 3.93 ppm which is for the central one 337 
hydrogens of mono-glyceride, so that can be used first to quantify the mono-glyceride and the 338 




H NMR spectra of biodiesel (A), mono- Di- and tri-glycerides (B, C & D 341 














4. Conclusions 352 
The results demonstrate adequate performance of the 1H NMR methods for the successful 353 









C NMRs; HSQC and HMBC. 355 
Furthermore, the presented results demonstrate the successful use of the 
1
H NMR method for 356 
the quantification of the identified components and the amounts of the different molecules 357 
moieties in biodiesel molecules. Also the presented work demonstrated the used the 
1
H NMR 358 
method to follow the transesterification process and the evaluation of the remaining un-359 
reacted glycerides, and the free fatty acids in Biodiesel samples. The NMR method was also 360 
employed to quantify the amounts of the free alcohols in biodiesel samples. Based on the 361 
above considerations, the studied NMR methods can be suggested as stand-alone alternative 362 
methods without the need for standards or derivatization to characterise to study the 363 
unsaturated systems of the alkyl chain, the length chain and the quantification of glycerides 364 
and alcohol residual in biodiesel. Other NMR methods were developed for the quantitative 365 
analysis of biodiesel, they are either based on the use added standards to the samples or they 366 
use of additional quantitative methods to standardised the NMR analysis [22-25], no other 367 
stand-alone published alternative quantitative method could be found to analysis biodiesel 368 
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